The resin impregnation of the fibrous reinforcement in resin transfer molding (RTM) is usually modeled as a flow through a porous medium (Darcy's law). In our model, Darcy equation is solved numerically at each time step using non-conforming finite elements on a fixed grid.
Introduction
The Resin Transfer Molding (RTM) process is increasingly used in the manufacturing of large components of fiber reinforced materials. The reinforcement is composed of several layers of fiber mats or woven rovings laid inside the mold cavity. The resin enters the mold through one or several injection ports and impregnates progressively the preform while the air is expelled through properly positioned air vents. The impregnation of a fibrous preform is usually modeled as a flow through porous media. It is governed by Darcy's law, i.e. the resin velocity V is proportional to the pressure gradient
where [k] is the permeability tensor (rrr'), p the resin pressure (KPa) and ,.,. the viscosity (Pa.s) (constant for a Newtonian resin). Combining (1) with the continuity equation V. V = 0 gives
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Several numerical methods have been developed to approximate (2), based either on finite differences as in [1, 2, 3, 4] or on finite element/control volume methods as in [6, 7] . The purpose of this paper is to present a different approach using non-conforming finite elements.
Fixed grid versus moving mesh
An issue in the simulation of mold filling is the numerical treatment of the transient free surface or moving boundary. The resin entering inside the mold is constantly changing shape as it flows, so it is necessary to redefine the geometry of the saturated domain at each time step. The mesh generation could soon become the most tedious part of the simulation as we did experience in our first approach [4] . In order to avoid this, the simulation is performed here on a fixed grid. The progression of the resin front is recorded by the introduction of a fill factor f, 0 s f~1, representing the saturation level inside each element. (The fill factor employed in [5, 6] for a control volume formulation is associated with the nodes rather than with the elements as in our model.)
Conforming versus non-conforming finite elements non-conforming element
Basis function Wi (x, y) conforming element
The finite element method hasbecome a standard procedure for the numerical approximation of boundary value problems.---When the pressure field is represented by usual conforming finite elements, say by piecewise linear polynomials taking specified values at the end nodes of a triangle (see figure 1) , then the pressure is continuous throughout the mold. But in this case the approximated flow rates are discontinuous across the interelement boundaries. This prevents the numerical procedure to respect the important physical Fig. 1 Conforming and non-conforming condition of resin conservation. Lagrange linear f inite elements
In order to satisfy this condition when using conforming methods, some investigators have combined a finite element approximation of the pressure with a control volume formulation (see [5, 6] ). In our model, non-conforming elements were chosen because the computed flow rates remain continuous across the inter-element boundaries even if the pressure is represented on each element by discontinuous linear polynomials
where P l , P 2 , P J are specified values at the 3 middle nodes (x;, yj, 1 s j~3 of a nonconforming element (see figure 1) and lv, the piecewise linear shape functions such that (2) yields the pressure at the nodes and from this, the flow rates across each segment of the boundary can be computed by (1) . The new position of the front is then estimated from the resin volume flowing across the front.
Progression of the resin front Evacuation of the overflow
The new position of the front can be deduced at each time step by updating the fill factors of the elements adjacent to O. The way the algorithm proceeds is indicated in figure 3 as two types of adjacent elements are considered: elements with one incoming resin flow (case 1) and elements with two incoming flows (case 2 
Conclusion
A simulation program using non-conforming finite elements has been developed for the resin transfer molding process to help the mold designer in evaluating an efficient injection pressure and to ensure an adequate impregnation inside molds of arbitrary shape or containing interior obstacles. In the work currently under progress, the numerical results are compared with experimental observations and the next step will consist in extending the analyzis to threedimensional molds.
